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METHOD FOR COMPRESSION OF DATA 



TECHNICAL AREA 

The present invention relates generaUy to data compression methods at 
transmission in communication networks and in particular to an improved 
method for compressing and decompressing data. The invention further 
relates to a computer readable medium comprising instruction for bringing a 
computer to perform such a method. 

BACKGROUND OF THE INVENTION 

rtT^ either 
tt, ba»wa. or the an»„„t of memo^ ne«,ed to respecthrely oaxxy or utor. 
data, for ocample video data. i... telcidon-type seismic data or sound 

or «.d.o data. CompreMi„„ „i„^ unneeessary information 

^t ftom the aignaL Wdl known mea««Js of video compression inctade fi. 
m^cotourcen compression ,CCq.ioi„t photographies expert group 
t^) compr^sion „a Mock truncation coding prc, compression. At the 
P«»ent. vdeo data tran«nission and, in particular, live video data 
^-«^n Via wir^ communication networks, sue., as OSM, OPRS and 
tn«rs. and v« broadband is an area of tremendous interest both among users 
«.d manufecturers of networks and communication device., auch as 
computer systems or mobite phones, as weU as among pn,rider. of network 
servc^. I^e to, inter aHa, bandwidth Bmitationa and/or ,» too W capacUy of 
the networks, especially the wireless networks, and since video inlbnnalion 
mvolves a large amount of data per video image or ftame. the « and/or 
the .ransm.ss.on rate of the video data is oiten inferred, which results in L 
u^or m.ag. ^ality at the receiving device. This impUes in particular at the 
^ssK.n Of hve Video data, for e»mpte. at surveiUance appHcations. 
■^ermore. .t „ desirable in a computer system to st«» 

mformation. e.g. video data, audio data, or seismic data, in a computer 

or a disk drive and thereby compression is also of a high importance 

" "-"^ there is a need 

fer compresaon methods which pro^ compression additional over that of 
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the prior art wi^ aU<«, an adequate reprodadi^ Of toaadfcrred inl^^ 
m partumlar, video informatioa airf B« video intomaUo^ 

SHORT DESCRIPnoN OF THE INVENTION 

An object of the present invention i. to provide «. impro^ n«.hod for 
compression 0, dau and dee^npresaian Of dau in a connnunicaflon syst«n 

These and other onsets are achiced according to the present invention h, 
Pr<»^dn« nuahods and d^rgers having the «»tu«s defined in the 
^^>d«t Claims. ft:e<ened onbodiment. are defined in the de^ 

^«-iing ,0 aflrst aspect of the present invention, there is provided a method 

numbers by using an entropy inceasing tr««fo» 
,uan.«ing said first se,^ence of real numbers of said ij^ to obtT 
afi- »^ence of integers; ^anti^, of integers 

*«ne usmgapr^i^cted sequence of integers representing said Z sequence 
a^mteger, to produce a second sequence of integers; and encoding sT 

u«»ger. of said second sequence Of said frame into a stream Of W,! 
«P««««fag the con^sed sequence of integers of said fame. 

A^rding to a second aspect of the present inv«.tion, the« is proWded a 

r^rinlZTT'"'''--'*^'^ 

r a ihune Of data into a 

-qu^ce ofrealmnnbers; compression processing means, comprising 
^ant^on means arxangsd to q„a„ti» said first sequence of real numbers 

to produce a second .«^enc.finteger.; adaptive quanti^tion means 
-«ged to quantise said first sequence of integer, to produce a second 

s^rr '^"'^ sequence otintegers .epr^enting 

"^'^ to encode sa^ 
H-legers of sard second sequence of said ftame into a stream of bits 
rqwsenting the compressed sequence of integers of said frame. 



According to a third as|«ct of fhe p««ent invention, there is pmWded a 
computer readable medium comprising imrtmctions Ibr bringing a computer to 

perform a metljod according to the firrt or second aspect 

The present invention is based on the insight of using the eorolation of 
consecutive images or frames of data, fbr sample, seismic data or video 
mformation. to other «ords. the present inventim. utilizes tte &ct that only 

when th«e is ac.ivi„ in the data «ream. te. a change of the data between 
consecutweframes,iti.neceesa.yt.update.hed.ta. to the case of video 
data, a ch«^ may correspond to a motion of an object monitored and in the 

case of sei«nic data aAsnge corresponds to seismic activity ta thearea 
monit^ed When there is no change of data between two consecutive frames. 

no updatmgof the transit datais r«^. Accordingiy. the oompr«In 
« a^iusted to the amount of activity in the frames, to other words, the 
=<»npressi«> is «™mic When the amo«,t of activity is very low. i.e. «« 
cnsecutn* frames are more or less identical, the data transfer win be low 
and as the «nount of activity, for e«mple seismic activity in seismic dau'or 
motion activay in video data,, increases, an increased amount of data is 
transferred. 

^quent^ ti,e method accordmg to the present invention is particutarly 
useful m appucauon where movem«.ts occur only in mtoor parts of the inL 
or scene captured by ^ recording unit and the background of ti.e m^or p^ 
of the ^ag. «, stationary. Such conditions «dst m. fi,r tostance, surveillaL 
apphcations. video meetings, news b«adcasts. inier^ „ recordmgs 

^ a hand-held mobile camera having an in-buil. stabiU«^ unit or tire 

to addition, the method according to the pres«.t invention can be employed m 
oti.er apphcations such as, for e»mpl.. at compressi» of seismic data or 
compression of sound or audio data, to feet, the method according to 
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invention is useful in all appUcations where data characteri25ed by a larg^ 
amount of correlation occur. 

As realized by the person skilled in the art, the methods of the pwsent 
invention, as well as preferred embodiments thereof, are suitable to reali2»e as 
a computer program or a computer readable medium, preferably within the 
contents of a. 

These and other advantages with, and aspects of. the present invention will 
become apparent from the following detailed description and from the 
accompanying drawings. 



SHORT DESCRIPTION OF THE DRAWINGS 

In the following description of an embodiment of the invention, reference wiU 
15 be made to the accompanying drawings of which: 

Fig. 1 shows schematicany the data flow in the method for compressing 
and decompressing data in accordance with the present invention; 
I^g. 2 shows schematicaUy an embodiment of a compression part of a 
video data compression system according to the present invention; 
Pig. 3 shows schematically an embodiment of a decompression part of 
the video data system of fig. 2; 

Mg. 4 is flow chart illustrating steps for performing the operations of the 
adaptive quantization block of the compression part shown in fig. 2; 

25 Fig. 5 i« a flow chart illustrating steps for performing the operation of the 
mverse adaptive quantization block of the decompression part shown in fig. 3 
and ' 



Pigs.6a and 6b shows schematicaUy an alternative embodiment according to 
the present invention including motion prediction blocks. 

DETAILED DESCRIPTION OP THE INVENTION 

In the foUowing there wiU be discussed preferred embodiments of Hie method 
for compressing video data according to the present invention. Referring now 
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to the drawings, wherein like reference characters designate like or 
corresponding parts throughout the se^reral views. As mentioned above, the 
method according to the present invention is particularly useful in application 
Where movements occur only in minor parts of the image or scene captured by 
the recording unit and the background of the m^or part of the image is 
stationary. Such conditions exist in, for instance, surveillance appUcations 
video meetings, news broadcasts, interviews, or recordings utilizing a hand' 

held mobile camera having an in-built stabiUsation unit or the like In 
addition, the method according to the present invention can be employed in 
apphcations other than video compression, for example, at compression of 
seismic data or compression of sound or audio data, hi fact, the method 
according to the invention is useful in all appKcations where data 
characterized by a large amount of conelation occur. 

Refenringfirsttofig. 1, the data flow in the method for compressing and 
d^mpressing data in accordance with the present invention will be shown 
^ch«naticaljy. Unbroken lines represent actual flows of appHcation data, i.e. 

tixe data which is to be compressed, broken lines represent flows of control 
data, and dotted lines represent virtual data flows. 

FirsMnput data, for instance bit map data, having a high degree of correlation 
^^bWormed 10 to a first set of coefficients, preferably floats. -mereafter 
the first set is quantized 12 to a second set of coefficients, prefex^bly int«ge^ 
usmg pre-selected static input parameters, as will be discussed below! Tte 
second set of coefficients is adaptively quantized 14 to obtain a third set of 
coefficients using dynamic parameters and information regarding a predicted 
set of coefficients, which may be the corresponding integers of sec^ence of the 
previous data set or a simulated reconstructed sequence of integers of the 
previous set, as will be explained in mor. detail below. Purthermore. control 
data are associated with the adaptively quantized data. Subsequently, the 
tti^d set of coefficients is encoded 16 to a bit stream representing the bit map 
data. At the decompressing, the bit stream representing the compressed set of 
bit map data is decoded 18. Then, the decoded data set is processed by 
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mvertmg the steps of adaptively quantizing 20, quantizing 22. and 
transforming 24 using the control data, the pre-selected static parameters and 
the dynanuc parameters, thereby obtaining a reconstructed set of bit map 
data. 

Turning now to figs. 2 and 3, a data compression and decompression ^tem 
according to an embodiment of the present invention will be shown. This 
system is adapted for use in video data appKcations. In the system, a digital 
video recorder 105 is comiected through an image fonnat converter (not 
shown) to a computer unit 100 having a large capacity storage device such as 
a hard disk. The computer unit 100 has a compression Mock 110 which 
includes a transform Wock 120 and a compression processing block 130. 
Purthermore. the compression processing block 130 comprises an 
quantization block 140, an adaptive quantization block 150, and a coding 
block 160. The compression processing block 130 is connected to a 
communication unit 170. for example, an operating system modem or a 
cellular phone, which, m turn, is connected to a communication network 180 
The communication network 180 can be a wireless communication system 
such as the GSM. the UMTS, or the GPRS, an optical network, or a wire 
20 network. 

Moreover, with reference now to fig. 3. the computer unit 100 comprises a 
decompression block 210 connected to the network 180 via the 
communication unit 170 and including a reconstruction or decompression 
block 220 and an inverse transform block 230. The reconstruction block 220 
m turn, includes a decoding block 240. an inverse adaptive quantization blodc 
250. and an inverse quantization btock 260. A display unit 270 for displaying 
video data is anranged at the computer unit 100. Furthermore, a data 
converter (not shown) is arranged between the inverse quantization block 260 
and the display unit 270 for converting data from the block 260 into a format 
that can be dispkQred on the display imit 270. 
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Itt the video data compression and decompression system shown in figs 2 and 
3, digital video data of a firame or image are recorded by the digital video 
recorder 100. The image format converter converts the received video data to 
bit map date. Then, the date stream is transferred to the wavelet transform 
block 120 where the date stream, i.e. the bit map date, is transformed to a 
sequence of real numbers using an entropy increasing transform method, for 
example, a wavelet transform,. For the sake of darily. we assume that one 
sequence of date coiresponda to one bams or one image. Alternatively, the 
date stream can be stored in the storage of the computer unit 100. 

Then, the sequence of integers of each frame is feed to the quantization block 
140. where the sequence is quantized using a threshold value according to 
known methods. Then^by. a sequence of integers is obtained. The functions 
and realization of the transform btedc and the quantization block are weU 
known to a person skilled in the art. and therefore they wiU not be e^lained 
here fijrther, see. for example, Tast adaptive wavelet packet image 
compression-. IEEE TYansactions on image processing. 9. pp 792-800, Meyer 
Francois G.. Averbuch. Amir Z., and Jan-Olof Strdmberg, «A video 
compression standard for multimedia appUcations". Communications of the 
ACm, 34 (19910, PP 46-58, Le Gall, Didier or "Low bite-rate efficient 

compression for seismic dateMEEETVansactions on image processing 10 
(2001). Meyer, Francois G.. Averbuch. Amu- Z.. Jan-Olof Strdmberg, CoLan 
and Vassiliou, A. 

Subsequently, the sequence of integers a feed to the adaptive quantization 
block 150 where the sequence is processed using an adaptive quantization 
and a resulting sequence of integers is obtained for each frame. The fimction 
of this block will be explained in deteil in connection to fig. 4. The output from 
the adaptive quantization block 150 is transferred to the coding blodc 160 
Where the resulting sequence or diflerence sequence of each frame is coded 
using, for example, a run-length coding, and a bit stream, representing the' 
compressed sequence of the frame, which can be transmitted to a receiving 
device via a network is obtained. The fimction and realization of the coding 
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«5*ai„ed here further. ^. for «=,„.p:e, "Fast ad^ wavelet padcet image 

~mpression^ IEEE TVa„sacti<»« ™ image pr^ceasing. 9. pp 792-800, M 
Rrancoia O.. Averbuch. Amir Z.. and Jan-OUrfStrfimberg, "A rfdeo 

comprea^on standard fer multimedia appUcationa". Co»mmdeafi«.a of the 
ACM. 34 ,1991). pp 46-58. U Gall. Didier or "Low bit^^te eflldent 
«mp«ssio„f„, seismic dau^^^^,,^act^<«aoa image proceasi^ 10 

and VassUiou, A. 

N^. Mt ^ream of each fi«„e can be u. the communicatian 

umt 170 for «*aeq«mt traartervia the c«mn»nicaflo„ ru^work 180 to a 
«ce™ug unit, ^ can be a «,mputer unit a, the above-mentioned 

computer unit no or It can be stored in the atorage of «>e computer unit 100 
aa a con^ressed representation of the sequence of the ftame. 

In a similar mamier, but however in a r«-ersed order, a bit stream 
"t««n«ing a compre««d s«pieace of integer of a frame can be 
depressed. At receipt of abit stream representing a compressed sequence 
^mteger o, a *»ne of video data, which se.p,ence has been transfarXia 
the commumcafon network 180 or has been retrieved <mn the storage of the 
«>mput.r unh 100 for subsc^^., decompres^on. the bit stream is fLt^e 

^«o<.240 Of thereconstrucdonb.ock2ao.h. the decoding^ 
240, the brt stream of each frame is decoded using a decoding method 
corresponding to the inverse of the coding method «f the coding Mock and a 
science Of integers corresponding totheresul^ngseque^ 

ZT^ T 7 "^"^ " ™^ 'or exampte. 

^tadapt.vewaveletpacke.imagec™npression^n^,,,..sac^ 

Jan-Olof Str^mberg. "Avideocompression sta^iardformultimedia 
a^ns.. Communications of the ACm, 34 ,19910, PP 46-58. le OaH. 

DKlaer or hte-rate eaicient comp«^ for aeiamic data-, ffiis 



Transactions on image processing. 10 (2001). Meyer. Francois G., Averbuch. 
Amir Z.. Jan-Olof Stromberg, Cofinan R., and Vassiliou, A. 

Thereafter, the decoded sequence of integers is sent to the inverse adaptive 
quantization block 250 where the sequence is processed using an inverse 
adaptive quantization in order to obtain a reconstructed sequence of integers 
for each frame. This reconstructed sequence corresponds to the sequence of 
integers obtained after the quantization in blodc 140, THe function of this 

block win be explained in detail in connection to fig. 5. Tlie output from the 
inverse adaptive quantization block 250 is transfcrred to the inverse 
quantization block 260. where the reconstructed sequence of each frame is 
inversely quanti^d using the threshold vahie according to known methods 
The fimction and realization of the quantization block is weU known to a 
person skilled in the art. and therefore it will not be explained here further, 
see. for eicample. "Past adapthre wavelet packet image compression", IEEE 
Transactions on image processing, 9. pp 792-800. Meyer. Francois G 
Averbuch. Amir 2., and Jan-Olof Stromberg. "A video compression st^xdard 
for multimedia appUcations». Communications of the ACm, 34 (1991(-}. pp 46- 
58. Le Gall. Didier or "Low bite-rate efficient compression for seismic data", 
IEEE Transactions on image processing. 10 (2001), Meyer. Francois G.. 
Averbuch. Amir Z.. Jan-Olof Strfimberg, Cofinan R.. and VassiUou, A. ' 

Next, the inversely quantized sequence is send to the inverse transform block 
230 where the sequence is inversely transfonned using an inverse entropy 
mcreasing transform method, for example, an inverse wavelet transform. 
Thereby, a reconstructed sequence of real number is obtained corresponding 
to the sequence of real numbers outputted from the transform block 120 The 
functions and realization of the inverse transfonn block and is well known to a 
person skilled in the art. and therefore it win not be explained here further 
see, for example. "Fast adaptive wavelet packet image compression". IEEE * 
Transactions on image processing. 9. pp 792-800, Meyer. Ftancois G . 
Averbuch, Amir Z.. and Jan-Olof StxSmberg. "A video compression standard 
for multimedia applications-. Communications of the ACm, 34 (1991(-). pp 46- 
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^^^^^ 
Avcrbuch. z.. .an^,^ s,r^^ Co^ r.. 3^ 

Then. Uxe sequence of r«d number is converted to an image lbn»3t that can 
be reproduced by the disolav unit in th.^.* «iiiat uiai can 

bitmapdata. "^'^^ *^ i-e. the reconstructed 

T^od ior compression and d«»n.pre«do„ in accordance ^ tke 
P^trnvent^on is preferah,y pe,.^ ^ ^ ^ iiames/second, for 

24 b.t colour vdeo of a size of 352X240. -me n«hod according to ae 
mvent»nca„«»i^bein.pta«ntedin.fcre»n^, cunent hardv^re. such 
^ a con^^ or the ror e^, the n»thod can be impiemen.^? 
Z^'^ ""^ " ^ 288X360. appro^Ly 

s.»d motums niay re,^ gOO^oo by.es/fiame and large motions may 
require up to 1000 bytes/ftame. ^ 

U^g the m«hod according to present invendon in the GSM network, a 
««sm™«» rate of 19200 b/s is possible, ^ch with 6 frames/second 
=»n^.nd to 400 bytes/fiame. Accordingly, if a tune^ of a L se^d, i. 
-Icw^l in the tran^nission. 400 bytes/ftame can be allowed JZ^Z 
^ ^ is low. each fiame Win requi,. weU below 100 byi^e 
^^.^sizeofaceUular Phone. If the motion ac«,i.y inc^^^'^,.;^^ ^ 

ean be .educed in order to compe^ate for the increa^d I2t ^ 

bytes/frame required. «*"w«at oi 

™n be «=plamed by means of a How d«rt For video sequence, where the 

c^a.recordingunitisim„obi.eors.a.ionm,„rhLngant:r 
^Uisafon umt during the r^c^ period, the coefficients of an image or 

P««ous m«ee. Acconimgb,, if no changes have occurred between two 



consecutive images, the corresponding coefficients of the two images wifl be 
identical. To elaborate, if no movements or motions have occuned. the 
difference between the corresponding coefficients of the two consecutive 
images vnU be zero or at least very small since there is alw^ a certain 
amount of noise present, which may cause small differences. In general, for 
example, when using surveillance cameras to monitor an area, for example, a 
storeroom, a factory, an office and the like, a major part of the coefficients are 
unchanged between two consecutive frames since the surveillance often is 
performed during night-time where the motion activity of such areas, most of 
the time, is msigtiificant. 

In operation, a sequence of integers of the current frame is inputted 300 to the 
block 150. In a block 310, a predicted sequence of integers is determined and 
stored. This predicted sequence can. for example, be the corresponding 
integers of sequence the previous image. In fact, in case it is the corresponding 
integers of sequence the previous image, it is a simulated reconstructed 
sequence of integers of the previous frame. For example, this simulation can 
be implemented by integrating a decoding block similar to the decoding block 
240 in the block 150. This decoding block processes the incoming bit stream 
of a frame in a similar way as the decoding block 240 will process the received 
bit stream representing the frame and will, accordingly, obtain the exactly 
same sequence of decoded integers as the decoding block 240. 

Furthermore, if a background/reference frame is used, a reference sequence 
representing this frame is also stored in this block. 

Then, in block 320, each coefficient of the predicted sequence is compared 
with the corresponding coefficient or integer of the current sequence and, if 
necessary, the corresponding coefficient of the reference sequence according to 
the following: 



c' = c - r 
c'=c-p 



ifp«rorc-r/p-r< % 
otherwise 
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. where c is a coeffident or an integer of the sequence Of the cun«xt fr^^^ 
IS the corresponding reference coefficient of the i^erence frame and p is the 
corresponding predicted coefficient. If the reference frame is a black image the 
reference coefficient ^ be O. Subsequently, a selection process is performed 
Where the code length of each coefficient C is estimated and the coefficient 
resulting in the shortest code is selected for each position in a resulting 

sequence. TO tWs end, an evahoation value is detennined for each coeffi^^^ 
and, m this embodiment, the absohzte value is detennined for each coefficient 
c and the coefficient C having the minimum absolute vahie Is selected for a 
aifTerence sequraice. 

blo^ 220 wuh „rf.nnafl» «l««o„ of *e =• oo^eient and for 

««* coem<»nt a» rcco,^„>^ Mock h» access to U>o predicted value teat 
has bee^ claaat«, .h, preW«.sly r.co„«ruc.ed .^anti^d integers held 
T m the predicu™ Mock 430 ,se fig. 5,, except in the case wl^; 

p*r and --S-^^<1 

2 2* (2) 

In s^ch cases the reconstruction block 220 has to be notified or informed 
whether the coefficient of the current s«p,ence or the difference between fte 
current coefficient and the predicted coefficient has been selected. For this 
purpose, in block 330. a control bit is generated containing i„,bnna.i.n of .he 

atrrt T T -^^^ - ."ecompression block 

^0 rs able to .den.^, which retation between .he integer of the se<„.«>ce of 

"^'^ co««^t Of th. reierence 

frame and the corresponding predicted coefficient that has been selected. 

The control bite are in lact a series Of integers, ones or zeros, and will be 
comprised in the same mamter as the dii&rence sequence, with th. 

«oep.K.n that no Sign bite indicting the sign of the integer are necessary 
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^ ^ '^"^ ""^"^^ ^-^^ «°«^ •'fa- 

control tats used is a nm-lengih encoding. 

11» prediction selecd™ that occu« in the block 150 is b«ed on ^ 
fcr e»unple. the abo.^„en.i«,ed rules expressed hy the relation. (1) and (2). " 
As mdicated above, the reconstruction block do not ha« information 
«^ the selecuon but «,e rules or the retatlons regutoting the selection 

Then, in block 340, sn«n variations in the corfBci«.ts in the difler^ce 
sequence caused by noise iaclud«l in the data representing an image or 

™h.ch thus manii^ in smaa varladons in the coemci^x^ 
^o«e « ^ hy. inter alia, sman <i„mges in the Hght conditions and 
s«nal «„se Srom the camera. If ,*e ibUowing repression is «.,isaed 

(3) 

, ^ dUferences is the ceffldents of the diflerence se<ruence and T. is 
thr«*okl vatae the celBcient is set ,» «„. T^e threshold value is preferably 
«^.to one, but other integers are possible, for rumple 2, 3. 4, or^t^^ 
coemconts in the diiference sequence, i... the difference bet«^ J^^^d 
y-tae and the present value, i. Jess than T,. it is presumed that the p^^ 
««» P^ceding ftame. ,*us. this entails that a control bit is n« 
«<. m order to keap the control bit sequence synchroni«d it is impoLZot 
. .0 send control bit associated «i.h the present coeiEcient. ^ T 

perfcrmed in block 350. By performing tests ^ the camera used in the 
^ a suit^le T. can be selected. If the camera p^taces a large a^t of 
n»^T. can be set to a higher value. Ukewise. if Hght conditiom,^.h a 
v«y«g brrghtness is expected. The disadvantage with setting T, to a high 
value .s that lags may occur, which can be manii^ as a LlZ ^ 

o.,ects„<,vingin.heimageorlh«e.fteferah,,.T.i.3et.o2or3 
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Thereaftd:. in block 360. a byte amount limitation is perfonned at the 
sequence. To this end. a threshold value T, is used, and preferably: 

Tj^l. 

If T.=l no limitation Will occur, and if T.>1 the code outputted from the coder 
vnn be abridged. A higher T. value involves a shorter code. In practice the 
hmitation procedure works as foUows. Lets assume that d is a integer of the 

^----quence.uiditsbitrepresentation(asapositiveinteger^^ 
10 bit representation of T. (as a positive integer), and uil.O is the bit 

representation of thefloat 1.0 (as a positive integer). For example, if thebinary 

value ofuiLOisOOUnuiOOOOOOOOOOOOOOOOOOOOOOOandd ^ Ta dwill 
replaced with d, rounded down to an integer, where 

15 uidlo uid-(uiT2-uil.O). 

(5) 

l^dl as a bit stream rep«,«... . float number d. This float number is 
™™^jtow„ to the „eare« integer, dl. ConsequenOy, dl ^ be an integer 
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If d £ -T, tte corresponding -rtU occur using -d instead, and the dgn is 
<*anged to a Mgattee integer. If |d| £ T,. d is replaced «i,h «ro. 

The r«utt of this procedure is that the amount of integers is decreased. i.e. 
th. mtegers becomes more sparse, the bigger Ta is. Tbc sStection of the 
U^shold value T. can be performed automatically wh«, an upper limit of the 
snwrnnt of 1^ for each frame is set 

ta prac«ce this step 360 is performed in the «.c«lingblo<* 160. hrprindpte. 

T TT° " *• *^ ««*oM vie 

.s selected. Then, the coding is simulated in a mam^ .bat the number „ 
coded bits can be counted, ibr example, the Mt-st^am is not calculated and 
com.ted. It » assumed that il» number of bits decreases ™ith an inc«smg 
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threshold value. In step 1, the threshold values are increased (or decreased) 
with a fector of 2 stepwise until a threshold value that provides a smaller 
number of bits than what demanded and that half of the threshold value 
provides more bits thaii what demanded. 

By using these threshold values and the corresponding number of bits, a new 
threshold value is interpolated in step 2, which new value corresponds to the 
demanded number of bits. Thereafter, in step 3. the number of bits of the new 

threshold value are calculated, which may be larger, smaUer or equal to the 
demanded number. In step 4, by using these threshold values and the 
corresponding number of Wts. afurther threshold value is interpolated. Steps 
3 and 4 are repeated until the calculated number of bits of one threshold value 
IS within a preset tolerance margin of demanded number of bits or until that a 
preset maximal number of iterations has been performed. 

Thus, in block 350. the control bits are synchronized in order to send only 
necessary control bits. As mentioned above, certain control bits may become 
unnecessary as a result from the processing in block 340. 

Optionally, a low activity trigging block 370 may be used. If the motion activity 
of the video scene is very low. i,e. the ai^ that the recorder monitors, a byte 
equal to zero can be send for each such low motion frame. This can be utilized 
for instance to turn off the transmission when using a cellular phone as 
modem, and when the motion activity in the monitored area increases, the 
phone is connected and the transmission is resumed. This can be realized by 
placing a parameter having the shortest length in the byte length of the code 
representing a frame. If the code that is produced by the coding block 160 do 
not exceed the length of the parameter, the code is not be sent and the 
predictions are not updated. This means that fixed predictions are used untU 
that a sufficient amount of bytes is achieved. In other words, the coder is 
"sleepmr. but it constantiy processes incoming data. Finally, the quantized 
sequence of integers 380 and associated control bits 390 are outputted to the 
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encoding block 160 and. then, further to a recipient via the communication 
network 
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With reference now to fig. 5, the operations of the inverse quantization block 
250 wiU be explained by means of a flow chart As indicated by 400 the 
decoded sequence of integers (for each frame). i.e. the compressed sequence of 
integers, and, if any, associated control bits 405 are inputted to the block 250 

from, for instance the storage of the computer unit 100 or at receipt via the 
c pmmt i n i c ation network 180. 



In operation, in block 410. a prediction is selected. That is, if p = 0 or c/p < 

a coefficient of the decoded sequence c' is replaced bjr c - r. if the reference 
frame is a black image the reference coefficient, r. wiU be 0, and. otherwise. C 
is replaced by c - p. The control bits is. as indicated above, necessary when 
15 the relation (2) appUes. i.e. the following appHes 



p*r and -i^£_£.<i 
2 p-r 2 



In such cases, as mentioned above, the reconstruction block 220 has to be 
notified whether the coefficient of the current sequence or the difi^erence 
between the current coefficient and the predicted coefficient has been selected, 
which, accordingly, is fulfilled by the control bits. 

The prediction selection that occurs in the block 150 is based on certain rules, 
for example, the above-mentioned rules expressed by the relations (1) and (2). ' 
As further indicated above, the reconstruction block do not have information 
regarding the selection but the rules or the relations regulating the selection 
process. However, for each prediction and the received difference. i.e. the 
compressed sequence of integers, the block 220 can examines what the integer 
of the current sequence would be and if the selection of the prediction is 
consistent with the predetermined set of rules, e.g. the relations (1) and (2) are 
used. For this purpose there are three possibilities: 



1. There are several consistent selections ofpredicticm, in which 
further information is required in form of control bits. 

2. There is only one consistent selection of prediction, in Tvhich case no 
further information is required. 

3. There is no consistent selection of prediction. This alternative is not 
supposed to occur if the block ISO follows the implemented set of rules. 

m the embodiment described above, the first altemative is present ^ the 
relation (2) appUes. All data required in the block 410 is retrieved from a 
prediction block 430. 

Thereafter, in Mode 420, the eoeffieient. of fte decoded se^ence U replaced 
according to 

c-c'*r ifp..or-£Z£L<l 
c-c' + r otherwise ^ 

, where c' is an integer of the compressed sequence, r is the corresponding 
integer of the reference frame, and c is the corresponding integer of the 
reconstructed seq^ence representing the first sequence of the current frame 
•nxcreby, a reconstructed sequence of integers is obtained, which corresponds 
exactly, or approximately, to the sequence inputted to the compi^ssion block 
130. This reconstructed sequence information is also fed-back 450 to the 
prediction block 430, where, inter alia, the prediction of the last fi^e and if 
any, a reference frame, i.e. a background prediction, are stored. AccordinMy 
alldatarequiredinblocks410and420a,.retrievedfromtheblock430. ' 

If a background prediction is used, a backg„>und update is performed in block 
440 according to the following. A parameter N is set. If the reconstructed 

quantified integer value, a, ofacoefficient of the currentframe is not equal to 
the correspondmg value of the background/reference frame, and if a has not 
changed in the last N frames, the background, or in feet the background 
sequence, is updated with a and transferred 460 to block 430, 



FinaUy, the reconstructed quantized sequence of int^s is outputted 470 to 
the inverse transform block 230. 



The general principle for the handling of predictions in the adaptive 
quantization block 150 and the inverse adaptive quantization block 250 will be 
discussed h«%inafter. 

A prediction may be for a faU frame of coefficients (QD or for a subset of the 
frame. One may have several predictions at the same time. Tliis means that 
there may be a different number of predictions for the individual coefficients. 
The predictions for different coefficients are handled separately, except in 
some cases vi^en there is no optimal choice of prediction. In these cases, the 
extra information, i.e. the control bits, that has to be transferred should be 
minimized. For any fixed coefficient c, we have a set of predictions. That is, a 
set of predicted integer values {pf)^ . 

THe predictions that are dose to each other will first be bunched together. This 
procedure is controlled by an integer parameter To > O. Hien a subset of 
predictions c {p^}, is identified such that 



\pJ-pf\^T^ for J 9ft y 



(7) 



and that for each prediction pf there is a prediction p/in the subset such 
that 

\p'-P:\<To (8). 

This subset of prediction is ordered as an oideied set of integers 
Pl<pf<-P? (9) 

v^ere the number n-n(i) may differ from coefficient to coefficient. 



Thereafter the a primary selection of prediction values is performed. If q is the 
coefficient that is coded the prediction pf is used, which will minimize the 
expression |c, -pf\. It is a unique prediction that minimize this esipiession 
except in the case when the coefficient value q is exactty in middle of two 
predictions in which case |c, -.pf\^\c, -^^'1 . m this case the selection between 
the prediction and p^ is done in a secondary selection that wiU be 
described hereinafter. 



The lossless ATQI value (Adaptive quantized integer) is d, - -p/' where pfis 
the selected prediction value for the coefficients q. It is possible to exactly 
reconstruct the value c. from the ATQI integer d, provided that the predictions 
are known and its known prediction that was chosen. 

The ADQI value d, may be equal to the value «i above but it may instead be an 
approximation of the value. This is controUed by two parameters T, and Ta 
which are incorporated in order to control an upper limit of the bitstream from 
the coder. When \d,\<T, we set ?=0. Then is further quantization is 
perfonned so that ? e Z,, where Z,^ is the set of all integers. The 
fi«»proximation is done such that 0^d,/d, when rf, ^ 0 . With the ATQI value 
d, we can reconstruct an approximate value c, of the coefficient value c 
provided the selection of the prediction is known. 



Ci^d,+pf 



(10) 



Once the value d, and the set of predictions p] <pf <...p; are known some of 
the predictions may be excluded as non-admissible predictions since they will 
lead to a contradiction to the primary selection rule: 

s<n(f) and p/*' <p* +2d, (H) 



This impUes that pj can not be a possible selected prediction. Assume that 
pf is the selected prediction then 



and thus 

h-P^.,|<^^rf,=|c,-p;| (13) 

which means that the prediction does not give the nunimum value and 
tiierefore not should have been selected according to the primary selection rule 
described above, m the case that ?<0 aprediction pf is non-admissible if 

J > 1 and pr' >pt+24, (14). 

Again, this impKes that the can not be one of the possible selected 
predictions* 

Once the list of predictions {p/}, and the AT^I value d, are kno^vn. the 
number ad(i) of admissible predictions can be found, 'n.e number ad(i) will be 
calculated both in the adaptive quantization block 150 and the inverse 
adaptive quantization block 250. 

The infonnation of the selection of predictions is an information about the 
s^ections ^ infonns each coefficient (indexed with i) which one of the ad(i) 
admissible predictions that were used. This is done, for example, by iterative 
nm-length coding, similar to the run-length coding of the coefficient values 
where the coefficients are spHtted up in groups according to in which dyadic 
xnten^al the coefficients have their values. When coding the I infonnation of 
which of the admissible predictions that were selected, the function adp) limits 
the number of possible selections for each coefficient. 

Let s(i) be the index for which prediction that was selected for coefficient q 
then l<.(f)^«,(0 letS. = {I,s(i)-k}.Tlxen (S,),, is a collections of a disi;>int 
set of mdex for the coefficients of the frame so that their union is the set S of 
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index of ail coefficients. The control bits has to transmit the information of aU 
these sets Sk as subsets of S. Let 

^'jy^' (15) 

5 

and 



i?* = {i e such that a(i) > k) (16) 
10 andFk-Dk\Ek (17). 

An induction over * s 1 starting with k-1 is not necessary. We have 

(18) 

15 - 

and for k » 1, 2, 3, ... we have 

= {/€ such that a(i) =*} (19) 
20 Ek=D„\p,, ^20j 

and run-length coding is used to find 
Dic4-i as a subset of Ek. 
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This is continued for increasing integers k to obtain D.., as a subset of , 
long as Dk is not the empty set. 



Finally, 

30 

Sk=Dk+i\Dk ^21) 
is obtained. 
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In the case there are two optimal choices of best predictions pf and a 
secondary selection is performed between these two predictions. In this 
secondary selection the run-length used in the iterative run-leagth coding 
described above is minimized. The strategy is to obtain as long sequences as 
possible with the same bit (0 or 1). By doing this a prediction index as dose as 
possible to that of the preceding coeffidente is obtained. That is 

*(0={/6{5,*+l} that minimize I? -s{/-i)|>. 

According to an alternative embodiment of the method according to the 
present invention, motion prediction blodcs can be induded in order to 
improve the quaUly of the compressed and decompressed data v^en. for 
example, tlxe degree of corxdation is reduced due to vibrations of the recording 

or when objects are moving in the recording space, i.e. a car driving 
through the video scene. 

According to the above described embodiment, a so caUed autonomic 
prediction is actuaUy used. It is based on that exactly the same algorithm is 
used on the compression side and the decompression side. Tins algorithm is 
determistic. i.e. no stodiastic processes are involved, so that the outcome of 
the predictions on the adaptive quantization side. i.e. the output of the 

adaptive quantization block 150. and inverse adaptive quantization dde, U 
the output of the inverse adaptive quantization blodc 250. will be identical 
Accordingly, no prediction information need to be transmitted, except that the 
decompression blodc has to know which algorithm that is used. Note that the 
autonomic prediction algorithm is not aflowed t» use any infonnalion from the 
current frame which is about to be compressed. 

30 One example of autonomic prediction is the zero prediction: an coeffident 

values are predicted to zere. Another example is the last frame prediction: the 
predicted coeffidents are set to the reconstrud^d quantized integers of the last 
firame. 
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refere^ ^ ,„ g^. ^ ^^^^^^ en.bodi^t including 

Mo* eiOandapredicaon parameter es«maaonblo6k620«inciudedin 

c^npressi^ processing bi»* 130 ^ ,dap«v. ^t.«^ js^, 
«e %. 6a. and a second paran^er controlled p.«liction Mode 630 is inctadcd 
^ *e decon.press.on Mock 220 at the inv«ae ad^vc ..nantization 

2i T are to be 

.he second step are eati.^ i„ ^^^^ 

current fame. .e. the qu«.,i^ intege™ as iadicated by 680. Once the 
parameters have been es.in««i th.^ ,re sent endi=«ed by 640), together 
with the control bits (indicateiJ Iw Rwii . »u . ). wBetner 

block 2SO Th. 7^ "^"'^ quantization 

Mo* ssailxe second «.p „ an algorithm that runs parallel in the firs, and 

^^^^ — P^diction bio* 610 and 630. respectively, using 

*eestuna.edparame.»r.640andtheou,p„tsof660theadaptive 
quantjaa.™. bio* ISO and the output 670 of the inverse adaptive 
qu«..«.ion blMc aso. resp«:tiv.ly. No information is used irom the curre« 

"-"^ ^'-^ P^ers 640. 

pannneter ccntroOed prediction is the global translation prediction 
the ™ ftame is matched to the last frame by transUting the Z fame 
ob^ the tr«.sUtion P-n.eter describing the translatL w^^^ 
the best matting, ^en. the tast fame is reconstructs from 
-construe^ ^anti«d integers, the image or fame i. translat^lTnl 
«t of quan^ integer, of the translated image are constructed. IWs ne^^ 
o2-t.-.ntegersorthetranslatedlastfam.i.thenuseda,predi^ 

1!^ r*"^"'- i=.plem«.ted in the first or second 

parameter controUed prediction bk.* 510. 630 must have kno»JI 7Z 

was used m the pre-processing in order to do these ba*ward fansformations 
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to an image and Aen - after finding the best translation- to do the calculation 
of the new quantized int^ers. 

With this global translation prediction a better compression of, fbr example, a 
video sequence taken by handheld (non-stabilized) camera. 

Using the ^obal translation prediction in conjunction with the autonomic 
prediction provides an effective way of coding a moving object on a fixed 
background - provided that the translation parameter value corresponding to 
tixe motion of the object firom tixe last W to the current frame, ^formation 
regarding the shape of the object is not required. 

A global aflBne transfonaation can also be included - this would handle video 
sequences with rotations and zooming. 

Local autonomic tiranslation predictions can also be used - where tiie 
translation parameters are based on estimates from matching reconsti^cted 
unagps from tixe last set of reconstructed quantized integers and earUer sets of 
reconstructed quantized integers. It is local in the sense tiiat the frame can be 
divided in local boxes for which the parameters are estimated individuaUy, and 
then tiie anticipated translation is extrapolated. Note tiiat tiiere may be a 
number of local translation parameters, but th^ are generated on each side 
x.e. m the adaptive quantization block or the inverse adaptive quantization ' 
block, s^arately. 

■nie matching computation can be performed according to tiie foUowing 
Assume tixat the image is matrix, ^ere f is tixe current matrix, g the matrix to 
be matched witix and xs is an index function for the local box B. The 

expression: 

«(>')=J|/(*)-g(*-;vf;^.(;,)dE, (22) 



, where x are coefficients of the current frame and y are coefficients of the last 
frame, is minimized. This can be done by calculating: 

J|/Wr;r,W^ (23) 

and the convolutions {fx,) *g(y) and (Zs)*\gtiy), where f (jc) = ^(-x) . The 
convolutions are performed as muWpUcation on the Fourier transform side. 
Using the Fast Fourier transform algorithm the calculation can be done in 
order of N*log(N) steps, where N is the number of elements in the matrix. This 
matching procedure is well known for the person skiUed in the art. 

fa order to deal with the problem of flickering light conditions, an average data 
value can be calculated for the current frame. This is a pre-process conducted 
before the quantized integers are obtained, hi the case vdth wavelets 
coefficients, this can easily be performed using methods known to the man 
skilled within the art Then a multipHcative caKbration is performed by 
modifying the threshoU before the quantization. According to an alternative 
method for dealing with the problem of ffickering light conditions, a global 
translation can be performed with a muWpUcative factor. The expression 

"»0',a)=J|/(jf)-a^(;ir-j;)p«& 

. where f is the current frame, g the last frame, x coefficients of the current 
frame and y coefficients of the last frame, over the translation vectors y and 
the multiplicative factors a. The maximum is obtauied when a - amin(y). 

where g(x) « g^-x) . Inserting a - a^(y) « (24) gives 



FinaUy. the expression m(y, a„^{y)) over the translation vectors y. 
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Although specific embodiments have been shown and described herein for 
purposes of iUustration and exemplification, it is understood by those of 
oniinaxy skill in the art that the specific embodiments shown and described 
may be substituted for a wide variety of alternative and/or equivalent 
implementations without departing from the scope of the invention. Those of 
ordmary skill in the art will readily appreciate that the p„.sent invention could 
be miplemented in a wide variety of embodiments, including hardware and 
software implementations, or combinations tixex^of. As an example, many of 
the functions described above may be obtained and carried out by suitable 
software comprised in a micro^ip or the like data carrier. This appUcation is 
mtended to cover any adaptations or variations of the preferred embodiments 
discussed herein. Consequently, the present invention is defined by the 
wordmg of the appended claims and equivalents thereof. 
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1. Method for compressing data, compriang the steps of: 

transforming data of a frame into a first sequence 
of real numbers by using an entropy increasing transform method; 

quantizing said first sequence of real numbers of said frame to 
obtain a first sequence of integers; 

quantiaing said first sequence of integers of said frame using a 
predicted sequence of integers representing said first sequence of 
integers to produce a second sequence of integers; and 

encoding said integers of said second sequence of said frame into 
a stream of bits representing the compressed sequence of integers of 
said frame. 

2. Method according to daim 1. wherein quantiang said first sequence of 
integers of said frame comprises the step of: 

for each coeffident of said second sequence of integers, selecting a 
relation between an integer of said first sequence of integers of said 
frame and the corresponding integer of a reference frame and the \ 
corresponding integer of the predicted sequence based on an evahiationi 
value of said relation. 

3. Method according to daim 2, ^rtierein the step of selecting comprises 
the step (rf 

for each coefficient of said second sequence of integers, comparing 
a first relation between the integer of said first sequence of integers of 
said frame and the coiresponding mteger of a reference frame and a 
second relation between said integer and the corresponding integer of 
the predicted sequence; and 

determining the evaluation value for each relation based on 
respective relation in encoded form. 



4. Method according to daim 2, wherein the stqp of determining comprises 
the step of 

determining ihe absolute value of respective rdiation, wherein the 
evaluation value for each relation is set to the corresponding absolute 
value. 

5. Method according to claim 4, wherein the step of selecting comprises 
the step of selecting the relation having ^e lowest absolute value. 

6. Method according to claim 2 or 3, wherein the step of selecting 
comprises the step of: 

sheeting said relation according to 

c^c-r if i7=r or -^^<1, 

, . P-r 2 

c =c-p otherwise 

, where c* is an integer of the second sequence, p is the corresponding 
integer of the predicted sequence, c is the corre^nding integer of the 
first sequence of a current frame, and r is the corresponding integer of a 
refer«ice frame. 

7. Method according to claim 4, wherein the step of quantizing said first 
sequence of integers of said frame further comprises the step of: if 

2 p-r 2 

associating a control bit identifying the selected relation. 

8. Method according to any one of preceding claims, further comprising 
the step of: 

storing said stream of bits as a compressed representation of said 
sequence of said frame. 



9. Method according to any one of the preceding claims, further 
comprising decompressing said compressed sequence by inverting the 
steps of transforming, quantizing said first sequence of real numbers, 
quantizing said first sequence of integers of said frame, and decoding' 
in reverse order. 

10. Method according to claim 9, wherein the step of inverting the step of 
quantizing said first sequence of integers comprilses the steps of: 

reconstructing a sequence of integers of a cuirent frame according 

to 



c = c'+r ifp=ror^<l, 
c = c' + r otherwise ^ 

, where c' is an integer of the compressed sequence, r is the 
corresponding integer of the t^erence frame, and c is the corresponding 
mteger of the reconstructed sequence repi^enting the first sequence of 
the current firame 

n-Method according to daim 10, wherein the step of reconstructing 
comprises the step of 
if 

p*r and -1^£2£.<2 
2 p^r 2' 

where p an integer of the predicted sequence and c is the corresponding 
integer of the current frame, using the associated control bit to identify 
the relation between an integer, c', of the compressed sequence, the 
corresponding integer, r, of the reference frame, and the co«esponding 
mteger, c. of the reconstructed sequence representing the first sequence 
of the current frame. 



according to daim 10 or 1 1, fUrther comprising the step of 



storing the reconstructed sequence of integers. 



13. Method according to any one of preceding claims, wherein the predicted 
sequence is a simulated reconstructed sequence of a previous frame. 

14. Method according to any one of the preceding claims, wherein the 
entropy increasing transform method is a wavelet transform method. 

15. System for compressing and decompres^g data, comprising: 

a storage device fcM- storing data; 

transform means arranged to transfbrm a frame of data into a 
sequence of real numbors; 

compression processing means, comprising 

quantization means arranged to quantize said first sequence 
of real numbers to produce a second sequence of integers; 

adaptive quantization means arranged to quantize said first 
sequence of integers to produce a second sequence of integers by 
using a predicted sequence of integers representing said first 
sequence of integers; and 

encoding means arranged to encode said integers of said 
second sequence of said frame into a stream of bits representing 
the compressed sequence of integers of said frame. 



• System according to claim 15, further comprising 
reconstruction means comprising 

decoding means arranged to decode a bit stream 
representing a compressed sequence of integers into a third 
sequence of integers; 

inverse adaptive quantization means axxanged to inversely 
quantize said fourth sequence of integers to produce a 
reconstructed first sequence of integers by using the predicted 
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sequence of integers representing said first sequence of integers; 
and 

inverse quantization means arranged to inversely quantize 

said reconstructed first sequence of integers to produce a second 

sequence of integers second sequence of real numbers; and 

^''^'^^^ arranged to inversely transform said 

^ sequence of real number to a reconstructed frame of data. 
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17. Computer readable medium comprising instructions for bringing a 
computer to perform the method according to any one of the claims 1- 



14. 




ABSTRACT 



A method for compressing data, for example, seismic data, audio data, or 
video data, comprising the steps of transforming data of a frame into a first 
sequence of real numbers by using an entropy increasing transfoim method- 
quantiemg said first sequence of real numbers of said frame to obtain a first 
sequence of integers; quantizing said first sequence of integers of said frame 
usmg a predicted sequence of integers representing said first sequence of 
mtegers to produce a second sequence of integers; and encoding said integers 
of said second sequence of said frame into a stream of bits representing the 
compressed sequence of integers of said frame. Purthennore, the method 
comprises decompressing said compressed sequence by inverting the steps of 
^ansforming, quantiring said first sequence of real numbers, quantizing said 
first sequence of integers of said frame, and decoding in reverse order 
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